The FAAH-inhibitor complexes, obtained after 250 ps of stochastic boundary molecular dynamics simulation, were minimized to an energy gradient of 0.01 kcal mol -1 Å -1 and employed for QM/MM reaction modelling. The system was partitioned according to the following scheme: the terminal methylamine of Lys142, the side chains of Ser217 and Ser241 and the whole structure of the inhibitors were treated at the PM3 semiempirical QM level, 1 while all the other atoms (7511 atoms) were treated with the CHARMM22 MM potential. 2
using a group-based switching function to scale the electrostatic interactions smoothly down to zero over 8-12 Å. Atoms further than 14 Å from the Ser241 hydroxyl oxygen were kept fixed; with the exception of these boundary constraints, all the other atoms were free to move during the calculations.
The PM3-CHARMM22 potential was firstly applied to optimize the geometry of FAAH-carbamate inhibitor complexes, to an energy gradient of 0.01 kcal mol -1 Å -1 , and then to scan the potential energy surface (PES) of the carbamoylation reaction (divided into three main steps, as outlined in the main text), using the coordinate driving approach, 4 implemented in CHARMM (version 27b2, RESD command). 5 This strategy, which has been shown to perform well for similar enzyme reactions, 6, 7 allowed the identification of the minimum energy paths for Ser241 carbamoylation by the three inhibitors, and the location of (approximate) transition states, intermediates and products along the modelled pathways.
PM3-CHARMM22 structures of the reactants (Michaelis Complexes) and transition states (TS)s identified on the PESs were employed for DTSS calculations (see below).
Differential transition state Stabilization (DTSS) calculations
The catalytic activity of a given molecular environment, R, can be defined as lowering of the activation energy barrier, Δ , which is equivalent to the difference in interaction energy of R with the transition state,
Accordingly, transition state stabilization relative to substrates results in a negative value of Δ , giving rise to the catalytic effects (relative to the same reaction in the gas phase). 8, 9 When calculated separately for particular components of the catalytic environment (e.g. enzyme active site residues), differential transition state stabilization (DTSS) energy provides a quantitative measure of the residue's contribution to lowering of the barrier.
The structures of Michaelis complexes and transition states (TS)s for FAAH Ser241
carbamoylation by URB524, URB694, and URB618 inhibitors were taken from the QM/MM simulations described in the previous section and in the main text. To make the calculations feasible, FAAH active site models were built by selecting residues within 6 Å of the reaction centre (R) of the systems, defined as the centre of mass of the catalytic triad, formed by Lys142, Ser217 and Ser241. In addition to the catalytic triad members, the structures (Michaelis complexes and their relative TSs) resulted thus composed by 16 amino acids, two water molecules, and a carbamate inhibitor. All broken bonds were saturated with hydrogen atoms (with positions optimized at the HF/6-31G level). Such an approach has been shown to give useful results in analysing enzyme-catalysed reactions, as reported in recent publications. 9, 10 Interaction energies were calculated in a pairwise fashion (i.e., for the reaction centre and each FAAH residue separately) at the MP2/6-31G(d) level of theory both for the Michaelis complexes (ΔE S-R ) and for the transition states (ΔE TS-R ). Basis set superposition error was accounted for by means of a counterpoise correction. 11 Finally, the DTSS energy for each residue was obtained by applying equation 1 (Table S1 and main text).
It has been recently suggested that a water molecule interacting with p-OH or p-NH 2 groups might affect the inhibitor's potency, 12 so DTSS analysis for the URB694 and URB618 inhibitors was also performed for this particular water molecule (Wat627). 
